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Abstract—Assuming direct-conversion (DC) demodulation,
the required characteristics for surface-acoustic-wave (SAW)
front-end modules (FEMs) have been investigated. A new FEM
configuration is described that consists of not only transmitter
(Tx) switching p-i-n diodes and a diplexer with low-pass/high-pass ] SAW(IF)
filters, but also SAW filters and baluns. A direct parallel connec- . H
tion between a SAW filter and a p-i-n diode makes it possible to
drastically reduce the number of circuit elements. A module de-
veloped for an extended global system for mobile communications
(EGSM)/digital cellular system (DCS) dual-band cellular-phone
transceiver achieved insertion losses in the receiver (Rx) portions
as small as 3.0 and 3.3 dB for EGSM and DCS, respectively. The i
Rx portions had attenuation characteristics as high as 30-40 dB  Antenna-Switch module - C Veont(DCS)
at harmonic frequencies up to several gigahertz and complete
differential output signals with amplitude and phase imbalances
less than 0.5 dB and +4°, respectively. These characteristics

SAW(R1)

Dual-band HPA

Dual-band RF IC

are particularly required for DC demodulation. Small insertion s
losses in the Tx portions, 1.0 and 1.2 dB for EGSM and DCS,
respectively, were also obtained. Digital
filter
Index Terms—Direct conversion (DC), dual band, front-end, Base band
global system for mobile communication (GSM), surface acoustic /Logic
wave (SAW), SAW filter.
EGSM
I. INTRODUCTION
. DCS
IRECT-CONVERSION (DC) or low IF demodulation Dual-band HPA  OPLL modulator

methods [1], [2] have been widely investigated for US€ Front End Module  Veont(DCS)
in multiband cellular phones, such as the 900-MHz extended ()
global system for mobile communications (EGSM), the _ _

.. Fig. 1. Block diagram of a dual-band cellular-phone transceiver (900-MHz
1.8-GHz digital cellular system (DCS), and 1.9-GHz personégSM and 1.8-GHz DCS). (a) Conventional heterodyne-demodulation method;
communications system (PCS). Authors have already publish@g:nna-switch module is used. (b) DC demodulation method; SAW FEM is
switch-type surface-acoustic-wave (SAW) antenna duplexeyged-
sometimes called SAW front-end modules (FEMs) for both
dual- and triple-band transceivers [3], [4]. They can be usedntly, Rx low-noise amplifiers (LNAs) not only have been in-
with heterodyne demodulation. However, requirements pecul@aded in RFICs, but have also been operated differentially to
to DC demodulation have not been taken into consideratigeduce the effect of common-mode noise [1], [2]. For Rx LNAs
Based on the blocking characteristics and spurious emisstorbe included in RFICs, SAW filters with very low-loss charac-
levels required for EGSM, DCS, and PCS [5], we have ineristics are needed in the FEM to compensate for noise-figure
vestigated configurations and the required performances tiggradation. For them to be operated differentially, complete
dual-band FEMs to be used with DC demodulation. differential Rx-output signals must be sent from the FEM. We

RF integrated circuits (RFICs) with DC demodulation genemave achieved low-loss characteristics in the Rx portions of the
ally have high spurious responses at harmonic frequencies, trEBM with a new SAW filter. We have also achieved differen-
attenuation levels of over 30-40-dB from the antenna port ti@al Rx-output ports with small amplitude and phase imbalances
the receiver (Rx) ports are needed up to several gigahertz. Bg-developing lumped-element baluns. Moreover, we achieved

Manuscript received October 16, 2001; revised February 13, 2002. high isolation .chqracter!stlcs from the transmitter (.Tx)'ports. to
M. Hikita and N. Shibagaki are with the Central Research Laboratory, HitacRX ports, making it possible to cut the number of switching p-i-n
Lt?\f Tl\f/l";St’;’utfg'Sg%oJk%@z%(:'“;ﬁg: Eklgxi%% Iélhlta?ghil'v??ﬁjpl-)l'itachi \egidiodes in half, compared with conventional antenna switch mod-
Electronics Ltd., Kanagawa 244-0817, Japan. ules [6]—[8]. The developed FEM is:88 x 1.85 mrﬁ? and can
Digital Object Identifier 10.1109/TMTT.2002.804516 be used with general RFICs using DC demodulation.
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Fig. 2. System requirements for EGSM, DCS, and PCS from the Third Generation Partnership Project (3GPP) regulation [5]. (a) Frequency allocations.
(b) Blocking characteristics. (c) Spurious emissions.

II. DC TRANSCEIVER FORGLOBAL SYSTEM FORMOBILE cally [9], [10]. This is because Tx voltage-controlled oscillators
COMMUNICATION (GSM)-BASED DUAL-BAND PHONES (VCOs) are directly modulated by baseband analog modulation
, . signals from the OPLL circuit.

A. Configuration

A block diagram of a conventional dual-band transceivé¥. Requirements for Rx Portions of FEM

used in EGSM and DCS systems is illustrated in Fig. 1(a). The frequency allocations for EGSM, DCS, and PCS are
Heterodyne demodulation is used, thus, inter-stage SA¥Mown in Fig. 2(a). The frequency responses required for the
filters (R2's) and an IF SAW filter are used between LNARy portions, i.e., paths from the antenna port to input ports of
and mixs and after the mixs, respectively. Up-conversion j§yas, are mainly determined by the blocking characteristics
used to generate a Gaussian-filtered minimum shift-keying| which are shown in Fig. 2(b). RF filters are needed to
(GMSK) [5] modulated signal. A conventional a”tenna'SWitC'Lrotect LNAs and mixs from the blockers shown in Fig. 2(b).
module is also shown in Fig. 1(a) [6]-{8]. It not only switcheshe attenuation levels in out-of-band are primarily determined
between the transmitting and receiving states, but also separg{eshe difference between the blocker levels at the passband
900-MHz and 1.8-GHz signals via a diplexer consisting @fnd those in the out-of-band as follows:
low-pass/high-pass filters. Four switching p-i-n diodes are
used—two in the Tx portions and two in the Rx portions, aattenuation(Out-of-band = Blocker (Out-of-band
shown in Fig. 1(a). —Blocker (Passband (1)

A block diagram of our new dual-band transceiver using DC
demodulation is shown in Fig. 1(b). The received signal is di-he characteristics required for EGSM, for example, are shown
rectly down-converted to baseband in- and quadrature-phaseide~ig. 3.
modulated signals. This demodulation eliminates the need forRFICs with DC demodulation generally have high spurious re-
the inter-stage R2 filters and the IF SAW filter, and simplifies theponses atharmonicfrequencies. Thisis because pseudolocal sig-
Rx-circuit configuration [1], [2]. A new FEM with SAW filters, nals atfrequencies ofthe local frequency multiplied by an odd-in-
the main focus of this paper, is also shown in this figure. Aimostger number are produced due to the saturated operation of the
the same transceiver can be used in an EGSM/PCS dual-béired mixs. Moreover, in arecenttransceiver-circuit configuration
transceiver. [see Fig. 1(b)], the local signals for EGSM and DCS are gener-

The offset phase-locked-loop (OPLL) modulation methodted by four- and two-time divisions, respectively, of the output
is how being used to generate GMSK signals, as shown dignal from a single high-frequency VCO [2], which also pro-
Fig. 1(b), which simplifies the Tx-circuit configuration drasti-duces pseudolocal signals at frequencies of the local frequency
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multiplied by an even-integer number. These pseudolocal signals 1760 = 4 l l
convert spurious signals at harmonic frequencies into noise-like 1805 1830 nxf,
baseband signals, which are very similar to the image-frequency : Tx on (n>2)
responses of conventional heterodyne demodulation. Therefore, = = = : Txoff
SAWfiltersinthe FEM notonly suppressthe blockers of Fig. 2(b), (b)
butmust ?‘ISO havehighattenuation Ievelsof30f40dB atharmopf& 4. Required frequency characteristics for Tx portions of the FEM. (a) Tx
frequencies. These levels are also shown in Fig. 3. portion of EGSM; 1805-1830-MHz overlags (DCS). (b) The Tx portion of

Recently, LNAs have been included in RFICs. In manyle DCS; spurious signal aff (EGSM) must be suppressed in the EGSM-Tx
cases, they are operated differentially to reduce the effect of fifestate (PCS-Tx off state).
common-mode noise within the integrated circuits (ICs) [1], [2].

Therefore, not only the frequency characteristics of Fig. 3, but % Pr<10dBm

also complete differential Rx-output ports, are required for the m—

FEM. L.P. or H.P. LNA
—] SAW filter Large isolation

The frequency responses for the Tx portions, i.e., the paths Diode E HPA

from the output ports of a high-power amplifier (HPA) to an P,.=32-35dBm

antenna port, are mainly determined by spurious emission char-

acteristics [5], which are shown in Fig. 2(c). General HPAs halég: 5. Switchless structure for Rx portions. The SAW filter and p-i-n diode

. o . irectl i llel.
spurious emission levels from35 to —40 dBc at harmonic ¢ Orecty connected in paralle
frequencies [11]. Therefore, though passband insertion losses I] [I

=

C. Requirements for Tx Portions of FEM

In Out

in the Tx portions must be as small as possible, the atteni
tion levels at harmonic frequencies must be 30-35 dB. Part =
ularly for the EGSM-Tx portion, where twice the transmitte =
frequency2 f7(EGSM) overlaps the DCS received frequenc) fg
fr(DCS), the attenuation levels must be 35-40 dB. These 1 External clements 1/

External elements
(Impedance tuning

for balun)
Bonding wire

. I . (Phase shifter t t
quired characteristics are shown in Fig. 4(a) and (b) for EGS wi:hsepisnldite):ie()) conne

SAW resonator Earth line

and DCS, respectively.
Except for the EGSM second harmonic signal going throug..
the main path of the EGSM-Tx portion of the FEM, two more @
things must be considered. One is the EGSM second harmonic ?

signal coming from the DCS output port of the dual-band HPA

and entering the DCS-Tx input port. The generated harmonic | | | | | | | ) -|-|

signal is partially transferred from EGSM matching circuits | | | |

to DCS matching circuits within the dual-band HPA. It goes :

through the DCS-Tx portion of the FEM and is emitted from 6

the antenna. Large spurious emissions occur if this signal is Reflector
coherently added to the EGSM second harmonic signal coming (b)
from the main path of the EGSM-Tx portion. The couplingig 6. rx SAW fiter with high-power and sharp-cutoff frequency
from the EGSM circuits to the DCS circuits within the HPA isharacteristics. (a) SAW-resonator-coupled filter, i.e., ladder-type
approximately—20 dB [11], which means that the attenuatioigonfiguration. (b) Electrically connected multi-IDT SAW resonator.
level in the DCS-Tx portion in the off state must be 25-30 dB.

This is also shown in Fig. 4(b). quency signals. These signals must be kept as small as pos-
The other thing to consider is the nonlinearity of the switchingjble. Under full-transmitting-power conditions, i.e., 35 dBm for
elements. The switching p-i-n diodes of Fig. 1(b) have nonlineBGSM and 32 dBm for DCS [5], the emission power due to the
characteristics in the off state, which generate harmonic-freenlinearity of the p-i-n diodes must be fronb0 to—40 dBm
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Fig. 7. II-type impedance transformer circuits. (a) Circuit with phase frotm 0 for frequency from 0 tec. (b) Circuit with phase from 0 te-= for frequency
from 0 toco. (c) Amplitude and phase relations of (a) and (b).

atthe antenna port of the FEM. We investigated adding a supplgics to protect against the high transmitted power, i.e., 35 and

mentary circuit to the p-i-n diode to achieve these requiremens2 dBm, entering from the Tx portions.

This circuit will be described later. We achieved the required characteristics by using the
previously published SAW filter design procedures for the
ladder-type configuration. The equivalent circuit is shown

lll. NEw RECEIVER PORTIONSINCLUDING SAW HLTERS in Fig. 6(a), and the SAW resonators are shown in Fig. 6(b)
[12]. The external elements on the parallel-connected side
(left-hand side) act as a phase shifter and make the impedance

To simplify the circuits for the Rx portions, we used the newf the SAW filter as high as possible at thig. The role
switchless structure shown in Fig. 5. The maximum power inpaf the external elements on the Rx side (right-hand side) is
to conventional LNAs in the off state must be less than 10 dBimpedance tuning for the balun, which will be described later.
which requires isolation characteristics of over 25 dB at thehe electrically connected multi-IDT SAW resonators have in-
frs between the output ports of the HPA and the input ports tinsically high-power durability characteristics because of their
the LNAs. We achieved the almost all required isolation levéburfold larger apertures compared with those of conventional
only by SAW filters using the SAW-resonator-coupled filtergnultifinger IDT-type resonators with the same impedance

[12], i.e., one of a ladder-type configuration shown in Fig. 6(a)12]. Furthermore, two SAW resonators connected serially are

While keeping low-loss characteristics, we can design vegyranged as shunt-arm elements at the parallel-connected side

sharp cutoff frequency responses by combining electricallyithin the filter of Fig. 6(a), which further increases power

connected multi-inter-digital transducer (IDT) SAW resonatodurability. We have already conducted a power-accelerated
shown in Fig. 6(b) [12]. This is very important because bothging test over several hundred hours with an input power of

EGSM and DCS have very wide bandwidths for the frequenci&® W at thefr for EGSM and of 5 W at thg for DCS.

transmitted (7s) and the frequencies receivefig(s), but the

relative spacing bandwidths between them are very narrow, &s

shown in Fig. 2(a). ’

We have developed a direct-parallel connection between théThere are several ways to obtain differential-output signals

SAW filters and the switching p-i-n diodes, as shown in Fig. 5tom a SAW filter. The use of an inter-digitated inter-digital

eliminating the need for p-i-n diodes in the Rx portions of th#ansducer (IIDT) transversal SAW filter having one input and

FEM, as shown in Fig. 1(b). These parallel connections requirgo outputs with opposite phases is a common way to obtain dif-

SAW filters that have not only high attenuation levels, but alderential-output signals from a SAW filter [13]-[15]. However,

high-impedance characteristics at tfies. This is because to the power-handling capability of transversal filters is small, and

minimize the increase in the losses in the Tx portions due to ttie designed differential-output impedance is restricted. More-
parallel connections, the input impedance of the parallel-coower, from our fundamental investigation and experiment, the
nected sides of the SAW filters must be designed as largecsventional SAW filter could not satisfy the system require-
possible at thes. Moreover, the SAW filters must have veryments from recent RFICs (amplitude and phase imbalances less
high-power-handling capabilities and small nonlinear charactéhan+1 dB and+10°, respectively, as explained In).

A. Simple Switchless Structure

Differential Output Ports
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Fig.8. Lumped-elementbaluns and examples of frequency characteristics. (a) Balartyythcircuits. (b) Balun with simplified-type circuits. (c) Simulation
results for DCS.
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Fig. 9. Techniques for reducing second harmonic generation characteristics
and achieving high attenuation in the off state for a DCS-Tx p-i-n diode.
(a) Addition of serial-connected s andC's to a p-i-n diode in parallelL s
andC's are not only resonated #(EGSM), but are also antiresonated with
AC at2f;(EGSM). (b) Frequency characteristics of (a).

(b)

) ) ) ) ) Fig. 10. Developed EGSM/DCS dual-band FEM. (a) Module structure.
To achieve a differential-output impedance with any valug) Photograph of the FEM.

as well as good amplitude- and phase-balanced characteristics,

we have developed a lumped-element balun consisting of tWgs and VL s are given by

w-type impedance-transformer circuits. As shown in Fig. 7(a) 12

and (b), two types of impedance-transformer circuits are pos- Amp. = —20log ((|2VL|/VG) (Ra/Rr) ) (2a)
siblg. WhenL/C = RGRL_ is achieved, impeda_nce transfor- Phase= arg (VL/VG)- (2b)
mation fromR¢g to R, or vice versa can be realized near res-

onant frequencyo(= 1/(2x(LC)'/?)) with either circuit. The They are also schematically shown in Fig. 7(c). Almost identical
amplitude and phase relations of the transfer functions betweenplitude characteristics and phases of approximat&tywith
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Fig. 11. Frequency characteristics for the EGSM-Rx portion of the FEM. (a) Passband characteristics. (b) Out-of-band characteristics. @& Aamgplitu
phase-imbalance characteristics.

opposite signs between the two types of circuits [see Fig. 7(a)The comparison of the characteristics of the norm&ype
and (b)] are obtained neés. balun [see Fig. 8(a)] and the simptetype balun [see Fig. 8(b)]

To make a balun circuit, we connected the input ports of tlsown in Fig. 8(c) indicates that almost the same performance
two types of circuits in parallel, as shown in Fig. 8(&)and can be achieved with both types of baluns. The amplitude
C are resonated neés, which makes it possible to transformand phase imbalances between the differential output voltages
the circuit of Fig. 8(a) into the simplified one of Fig. 8(b). Theare defined as
output impedance of the SAW filteRs aw) and the differential

impedance of the RFICHp;¢) are related td, andC as follows: AAmMp. = Amp.” — Amp.* (7a)
L = (Rsaw Bpig) * /(2no) (3a) APhase= 180° — (Phasé - Phasé). (7b)
C = (RSAVVRDiﬂ‘) _1/2/(27|'f0). (Sb)

The simulation results indicate that an amplitude imbalance
The computer-simulated amplitudes and phases of the d#&ss thant0.25 dB and a phase imbalance less ths7 can

signed balun, e.g., for DCS, are shown in Fig. 8(c). We shdve achieved in the passband, even for the widest system of

the DCS results because DCS has the widest bandwidth of B/@S. Very accurate values with minute deviations are required

cellular systems currently in use. The parameters used in foe L and C, as given by (5a) and (5b). In generdtpig

simulation were depends on the RFIC used. HowevBgaw can be changed

by adding tuning circuits. The external elements on the Rx

Rsaw =50 (43)  side of the equivalent circuit of Fig. 6(a) show such circuits.
Rpig = 100 Q (4b)  As shown by (3a) and (3b), more realistic values foand C

L =6.1079 nH (5a) can be obtained by slightly changidgsaw using the tuning

C = 1.2216 pF. (5b) elements. The experimental data will be presented later.

The amplitude and phase relations of the transfer functions be-

" - IV. | MPROVED TRASMITTER PORTIONS
tweenVsaw and the output voltageg],; andV ; are

The most important characteristics required for the Tx por-
Amp.t/= = —201og ((|2VD+i£{ |/VSAW) (2RSAW/RDH) 1 tions are low-insertion losses at the passbands and high-attenu-
(6a) ation characteristics at harmonic frequencies. The nonlinearity
of a switching p-i-n diode in the Tx off state should also be con-
Phasé/~ = arg (V];rii/:fi/VSAVV)' (6b)  sidered, which requires a supplementary circuit specifically for

2
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Fig. 12. Frequency characteristics for the EGSM-Tx portion of the FEM. (a) Passband characteristics. (b) Out-of-band characteristics.
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Fig. 13. Frequency characteristics for the DCS-Rx portion of the FEM. (a) Passband characteristics. (b) Out-of-band characteristics. (€ Aamglitud
phase-imbalance characteristics.

the diode of the DCS-Tx portion. To reduce the strength of the Fig. 9(a), together witll.s andCs. The circuit of serial-con-
second harmonic signal generated from the DCS-Tx diode, wectedL s andCj is resonated witthC' at2 fr (EGSM), which
added a circuit consisting of serial-connectggdandCs to the leads to very a high impedance in the DCS-Tx off state. Due
p-i-n diode in parallel, as shown in Fig. 9(a). ThdseandCs to this high impedance, the required high attenuation levels at
are resonated at thg-(EGSM). A very low impedance can be 2 f(EGSM) can be realized in the off state. A schematic illus-
obtained at the resonant frequency, which reduces the voltdgion of the frequency characteristics between the input and
difference between the input and output ports of the p-i-n diod@itput ports of Fig. 9(a) is shown in Fig. 9(b), which corre-
against the high EGSM transmitted power of 35 dBm. Vergponds to the requirements of Fig. 4(b).
small second harmonic generation characteristics were achievedhe attenuation levels required at the harmonic frequencies
with this circuit configuration. The experimental data will begiven in Fig. 4(a) and (b) for the EGSM- and DCS-Tx on states
presented later. were achieved using conventional low-pass filter design tech-
A p-i-n diode is equivalently represented by a small capadiques. The experimental characteristics of the designed results
tanceAC and an ideal switch connected in parallel, as showwill be presented below.
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Fig. 14. Frequency characteristics for the DCS-Tx portion of the FEM. (a) Passband characteristics. (b) Out-of-band characteristics.
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V. EXPERIMENTAL RESULTS The frequency characteristics of the EGSM-Rx portion of
the FEM, i.e., the characteristics from the antenna port to the
We developed an FEM for use in an EGSM/DCS dual-barBiGSM-Rx ports, are shown in Fig. 11(a)—(c). The antenna port
transceiver using DC demodulation. A ceramic multilayeiad 509 single-ended input impedance, while the Rx ports
package and lumped-circuit elements were used, as shawanl 100€ differential output impedance between them. As
in Fig. 10(a). Other dual-band FEMSs, e.g., EGSM/PCS, agtown in Fig. 11(a) and (b), the insertion loss was 3.0 dB, and
also possible using the same technologies. SAW chips weltarp-cutoff frequency characteristics and sufficient attenua-
mounted in a pocket on the lower side of the package. Appraien levels against blockers were achieved. High suppression
imately 70% of the circuits were made of lumped elementsharacteristics at harmonic frequencies over 35 dB were also
i.e., miniature helical inductors and chip condensers, mountegtained, which is required for DC demodulation. Amplitude
on the upper side of the package. We formed the remainiagd phase imbalances less th&0.4 dB and+3°, respec-
circuits using internal elements with thin ceramic layers. The#ely, were achieved, as shown in Fig. (c). These balanced
baluns to transform the single-ended output port of the SA#haracteristics were achieved using general lumped-element
filter into the differential output ports were made of lumpe@hip condensers and helical inductors without any trimming or
elements. A diplexer consisting of low-pass/high-pass filtetaning. Recent RFICs using DC demodulation strongly require
was also made of lumped elements. The low-pass filters usadlplitude and phase imbalances less thandB and+10°,
in the Tx portions to suppress spurious signals at harmomispectively.
frequencies were formed mainly of internal elements. The frequency characteristics of the EGSM-Tx portion of the
We used a conventional LiTa(piezoelectric substrate, i.e.,FEM, i.e., the characteristics from the Tx to antenna ports, are
36°-42-rotatedY -cut X -propagation LiTa@ [16]-[18], for shown in Fig. 12(a) and (b), where both ports had the)50-
the SAW filters. The developed FEM was<8 x 1.85 mn¥; single-ended impedance. An insertion loss as small as 1.0 dB
a photograph of it is shown in Fig. 10(b). The control voltagand a suppression level over 35 dB at the second harmonic fre-
and current value for switching were 2.5 V and approximatetyjuency were achieved. The suppression levels at the third and
6 mA, respectively, for each p-i-n diode in the on state. fourth harmonic frequencies were over 30 dB.
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Fig. 16. Attenuation characteristics for the DCS-Tx portion of the FEM in the Pout (dBm)
DCS-Tx off state. Serial-connectdds andC's are antiresonated withC' of
an off-state p-i-n diode. (@)
40 /‘/\
The frequency characteristics of the DCS-Rx portion are Pout(-1 dB) 77 148
shown in Fig. 13(a)—(c), where the Rx ports also had Q0 g |
ferential output impedance. The insertion loss was 3.3 dB, and g 35 f,(EGSM
sufficient suppression levels against blockers were achieved. g molaMbe
High-suppression characteristics at harmonic frequencies over &
35 dB were obtained. The amplitude and phase imbalances
were less thar:0.5 dB and+4°, respectively. These balanced 3030 35 m
characteristics were achieved using the same kinds of general Pin (dBm)
chip condensers and helical inductors as used in the EGSM-Rx ®)

portion. The frequency characteristics of the DCS-Tx portion 17 Characteristics of the FEM for hiah ¢ ted E e of
— : : .17, aracteristics of the or high transmitted power. Examples o

are shown in Fig. 14(a) and (b) The insertion loss was as s ﬁ@ EGSM are shown. (a) Resonance of serial-connegtctedndC's reduced

as 1.2 dB, and the suppression levels at the second and tles&bnd harmonic generation. (b) Power compression/A.eversusPout.

harmonic frequencies were over 30 dB.

The isolation characteristics between the Tx-input angint nower compression point of 39 dBm was achieved. This
Rx-output ports in EGSM- and DCS-Tx on states are shovyé\/e| is sufficient for cellular-phone use.

in Fig. 15(a) and (b), respectively. Isolation levels over 30 dB
at the frs were achieved, which eliminates the need for p-i-n
diodes in the Rx portions of the FEM. VI. CONCLUSION

The attenuation characterigticg of the DCS-Tx portion in the 1) Assuming DC demodulation, we have investigated and
DCS-Tx off state are shown in Fig. 16. We conducted two ex- ~ roposed new configurations for the SAW FEMs used in
periments. In one, we used a p-i-n diode without serial-con-  5gM-based dual-band cellular-phone transceivers.
nectedLs andCs. In the other, we used a p-i-n diode with se-  2) A gjrect-parallel connection between the SAW filters and
rial-connected.s andC's, as shown in Fig. 9(a). We achieved the switching p-i-n diodes has been developed, which
approximately 15-dB attenuation improvement with the latter could eliminate the need for diodes in the Rx portions of
configuration compared with the former, and the requirements  he FEMs.
of Fig. 4(b) are satisfied. 3) The design procedures for high-power SAW filters, dif-

The second harmonic generation characteristics of the ferential Rx-output ports, and the improved Tx portion of
DCS-Tx portion in the EGSM-Tx on state, i.e., the DCS-Tx the FEMs have also been presented.
off state, are shown in Fig. 17(a). We again conducted two 4) The developed EGSM/DCS dual-band FEM, which is
experiments, corresponding to the above two. We achieved 8 x 8 x 1.85 mn? and satisfies the system specifications
second harmonic levels less tharb0 dBm with the latter can be used with RFICs using DC demodulation and gen-
configuration even for 35-dBm EGSM transmitted power. eral dual-band HPAs.

These values are 15-20 dB smaller than those with the former
configuration, as shown in Fig. 17(a).

Power-compression phenomena were also observed due to

nonlinearity or the saturation characteristics of the p-i-n diode[1] J. Strange and S. Atkinson, “A direct conversion transceiver for

in the on state. The relationship between the input power at the ~ multi-band GSM application,” irProc. IEEE Radio Freq. Integrated
Circuits Symp.2000, pp. 25-28.

Tx-input port and the output power at the antenna port is Showny; - rr Transceiver IC for GSM900/1800 Dual Band Cellular Systems RF
in Fig. 17(b), taking EGSM as an example. A very large 1-dB IC Catalog Hitachi Ltd., Tokyo, Japan, 2001.
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